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Abstract of JP2001 332081 
PROBLEM TO BE SOLVED: To provide a 
magnetic memory in which a magnetic field 
can be applied uniformly and perpendicularly 
for a semiconductor region such as a channel 
region or the like. SOLUTION: A magnetic 
body 14 having such shape as covering the 
semiconductor region 17 is formed so that a 
magnetic field is applied in the direction being 
orthogonal to the direction in which first and 
second electrode regions 16, 15 are formed, 
for the semiconductor region 17 provided 
between the first electrode region 16 and the 
second electrode region 15. 
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[0015] 

Further, a gate insulating film 18 is formed over the source region 15, 
the channel region 17, and the drain region 16; a gate electrode 19 is formed 
on the gate insulating film 18; an interlayer insulation film 110 is formed 
thereon; and a write wire 38 for magnetizing the magnetic body 14 is formed 
over the interlayer insulation film 110 through an insulating film 112. In 
the source region 15, a data wire 93 for inputting a signal to read out written 
data and a switch 89 for selecting a magnetic memory element to which the 
data is read out are formed. 
[0016] 

While the substrate 11 used here is of what is called an SOI (Silicon 
on Insulator) structure, a substrate of glass, quartz, or stainless may be used. 
Moreover, semiconductors using a IV element other than silicon, or 
compound semiconductors such as GaAS and InSB can be used as the 
material. Further, the shape of the substrate 11 is not limited to a plate 
shape. 
[0017] 

The source region 15, the channel region 17, and the drain region 16 
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are element-isolated from the other source regions, channel regions, and 
drain regions not shown in figure by an isolation layer 13. Further, the 
magnetic body 14 is formed so as to penetrate the isolation layer 13. 

rooisi 

In addition, practically, a plurality of magnetic memory elements are, 
for example, arranged in array, two dimensionally, and magnetic memory 
elements arranged in a same line share the one write wire 38 and the data 
wire 93, and the magnetic memory elements are formed by wiring so that 
memory elements arranged in the same line share one power line not shown 
in figure, a word line, and a ground line. 
[0019] 

More specifically, in this embodiment, a digital value, for example, 
any of "O'VT'is written into an arbitral magnetic memory element in the 
magnetic memory element array, and when in reading out the written 
information, a reading signal is input from the data wire 93 to switch on the 
switch 89. Thus information only written in a specific element is read out. 
[0020] 

For the magnetic body 14, ferromagnetic material such as iron, cobalt, 
nickel, Permalloy, or ferrimagnetic material composed of heavy rare earth 
element and iron group transition element, magnetic glass containing 
terbium oxide can be used, but since the ferrimagnetic material is not a good 
electrical conductor, the use of the other materials is preferable. For 
example, the use of insulative ferrimagnetic material such as iron garnet 
and insulative magnetic glass makes it unnecessary to form the interlayer 
insulation film 110 between the gate electrode 19 and the magnetic body 14. 
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[0021] 

It is widely known that the magnetic body 14 exists as a pair of N 
pole and S pole in the each front end, and that in U-chaxacter shape, for 
example, an almost uniform ideal magnetic field is obtained. Thus, 
covering the top and bottom of the channel region 17 with, for example, a 
U-character shaped magnetic body 14, a magnetic field perpendicular to the 
channel region 17 is applied. 
[0022] 

In practice, by passing an electric current through the write wire 38, 
an electric field is generated around the write wire 38, and this electric field 
generates a magnetic field by the magnetic body 14. Therefore, passing an 
electric current through the write wire 38 in the direction from right to left 
being horizontal to the paper as shown in Figure 1 (a), a right-handed 
magnetic field is generated around the write wire 33 to magnetize the 
magnetic body 14. In this case, a uniform magnetic field perpendicular to 
the channel region 17 is generated by this magnetic body 14. 
[0023] 

Meanwhile, when the direction of the current passing through the 
write wire 38 is inverted, the magnetic body 14 is magnetized in the inverse 
direction, accordingly, as described later, the direction of the detected current 
becomes reversed against the case in which the current is passed through in 
the direction from right to left being horizontal to the paper of Figure 1 (a). 
Since the magnetizing direction of the magnetic body 14 is inverted by the 
direction of current passed through the write wire 38, the digital information 
"1", "0"can be written in depending on the difference of the magnetizing 

3 
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direction. In addition, the information written by the magnetizing is 
retained in the power-off condition, which enabling to use it as a nonvolatile 
memory. 
[0024] 

Moreover, as shown in Figure 1 (b), the drain region 16 is isolated 
into two by the isolation layer 13 and the like. For example, when a 
magnetic field is generated by the magnetic body 14 by passing a current 
through the write wire 38 in the direction from right to left being horizontal 
to the paper of Figure 1(a), in the channel region 17, a great number of the 
channels move toward a drain region Dl by Lorentz force, thereby 
generating the current difference between the drain regions Dl and D2. 
Here, utilizing this nature, the current difference is detected by the drain 
current Idi, Id2- 
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